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Abstract. We report on a new measurement of the luminosity function (LF) and mass function
(MF) of field low–mass dwarfs using Sloan Digital Sky Survey (SDSS) photometry. The final
catalog is composed of ∼ 15 million low–mass stars (0.1 M⊙ < M < 0.8 M⊙), spread over
8,400 square degrees. Distances to the stars are estimated using new photometric parallax relations,
constructed from ugriz photometry of nearby low–mass stars with trigonometric parallaxes. The
LF is measured with a novel technique, which simultaneously measures Galactic structure and the
stellar LF. The resulting LF is compared to previous studies and converted to a MF. The MF is
well–described by a log–normal distribution, with M◦ = 0.27 M⊙.
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INTRODUCTION
Low–mass M dwarfs dominate the stellar population of the Milky Way, by number.
These long-lived [1] and ubiquitous stars comprise ∼ 70% of all stars, yet their small
intrinsic luminosities (L < 0.05 L⊙) have traditionally prohibited the study of large
numbers of them. Fortunately, in recent years, the development of large format CCDs
has led to precise photometric surveys of wide solid angles on the sky. Of note are the
Two–Micron All Sky Survey [2MASS; 2] and the Sloan Digital Sky Survey [SDSS;
3]. These surveys are characterized by large solid angles (thousands of square degrees)
coupled with precise (< 5%) and deep (r ∼ 22, J ∼ 16.5) photometry. The resulting
photometric datasets contain millions of low–mass stars, enabling novel investigations
employing an unprecedented number of observations.
Despite the advances made in other cool star topics, two fundamental properties, the
luminosity and mass functions, remain uncertain. The luminosity function (LF), which
is directly observable, describes the number density of stars as a function of absolute
magnitude (italic M, Φ(M) = dN/dM). The mass function (MF) is typically inferred
from the LF, and is defined by the number density in terms of mass (roman M, ψ(M) =
dN/dM). For low–mass stars, with lifetimes much greater than the Hubble time, the
observed present-day mass function (PDMF) in the field is the initial mass function
(IMF). The uncertainty in these properties can be attributed to fundamental differences
among the techniques employed to measure the LF and MF. Previous investigations have
fallen in one of two categories: nearby, volume–limited studies of trigonometric parallax
stars [4], or pencil–beam surveys of distant stars over a small solid angle [5]. Sample
sizes were limited to a few thousand stars, prohibiting a detailed determination of the
IMF. In general, the IMF has been characterized by a power–law ψ(M) = dN/dM ∝
M−α , [6] with the exponent α varying over a wide range from 0.5 – 2.5. Currently, the
largest sample of field stars used to measure the LF and MF of low-mass stars is the
study of Covey et al., [7], which studied∼ 30,000 stars over 30 sq. degrees.
We present a new measurement of the low-mass stellar LF and MF using SDSS
photometry of over 15 million stars. The observations, calibration and analysis are
described below, followed by our results.
OBSERVATIONS AND ANALYSIS
We queried the SDSS catalog archive server (CAS) through the casjobs website1 for
point sources in the DR6 - Legacy footprint with the following criteria:
• The photometric objects were flagged as PRIMARY with good photometry. This
ensures that objects imaged multiple times were only counted once and the photo-
metric measurement was reliable.
• The object was classified morphologically as a star.
• The photometric objects fell within the following brightness and color limits:
i < 22.0,z < 21.2, r− i≥ 0.3, i− z≥ 0.2
The absolute magnitude of each star in the sample was estimated from new photometric
parallax relations derived from ugriz photometry of nearby trigonometric parallax stars
[8].
Most stars in the sample were distant ( > 100 pc), but traditional pencil–beam survey
techniques would not be applicable to a dataset spanning 8,400 sq. degrees. Thus, we
implemented the following method: Absolute magnitudes and distances were computed
for each star in our sample. A small (0.5 mag) slice in absolute magnitude was selected,
and the stars were counted as a function of Galactic radius (R) and height from the Plane
(Z). The volume spanned by SDSS was recorded for each R,Z bin. The stellar density
profile was computed (see Figure 1), a Galactic model was fit, and the local density of
stars was recorded. This process was repeated for other slices in absolute magnitude,
and the LF was constructed from the local density of each slice. This method computes
both the stellar LF and local Galactic structure simultaneously, rather than assuming a
Galactic density profile.
1 http://casjobs.sdss.org/CasJobs/
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FIGURE 1. Density (in stars pc−3) as a function of Galactic R and Z for a 0.5 mag slice centered on
Mr = 9.75. The logarithmic scale is shown beneath the density map. The disk structure of the Milky Way
is clearly evident, with a smooth decline towards larger R, and an increase in density approaching the
Plane (Z = 0).
RESULTS
Luminosity Function Next, we corrected the resulting Mr LF for Malmquist bias and
brightening due to unresolved binarity. The resulting LF is shown in Figure 2. The LF
peaks near Mr ∼ 11, corresponding to a spectral type of M3. The uncertainties in each
magnitude bin were estimated by repeating the analysis described above with a full range
of photometric parallax relations, which dominate the systematic error budget.
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FIGURE 2. The Mr LF from Mr = 6.75 to Mr = 17.25. Note the smooth rise to Mr ∼ 11, with a decline
thereafter.
Mass Function The MF, computed using the r−J colors of nearby stars [8] and empirical
mass-MJ relations [9], is shown in Figure 3. The data points are well fit by a log–normal
distribution with a characteristic mass of M = 0.27±0.01M⊙.
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FIGURE 3. The stellar field MF, from 0.1 M⊙ < M < 0.8M⊙. The red points and log-normal fit are
the measured data points and best fit from this study. Canonical IMFs [10, 11, 12] are overplotted for
comparison, with their colors given in the legend.
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